A dependence of the isobaric ratio Y( 3 H)/Y( 3 He) on the N/Z ratio of the reconstructed quasiprojectile for the reaction of 28 Si beam with 112,124 Sn targets at two different projectile energies of 30 and 50 MeV/nucleon is presented. We demonstrate a linear dependence of the observable ln(Y( 3 H)/Y( 3 He)) on the N/Z ratio of the quasiprojectile and show the dependence of the slope on the reconstructed excitation energy of the quasiprojectile. We relate the slope of ln(Y( 3 H)/Y( 3 He)) dependence at a given excitation energy to the temperature of the fragmenting system. Using the model assumptions of the statistical model of multifragmentation, a method of the temperature determination is found. A caloric curve is constructed and compared to the result of the double isotope ratio method for the same set of the data and to the results of other studies.
In our recent work [1] we presented the characteristics of the quasiprojectiles with Z = 12 − 15, reconstructed from the fully isotopically resolved fragments with Z f ≤ 5, detected in the forward angles using the FAUST multidetector array [2] at Cyclotron Institute of Texas A&M University. The data were obtained in the reaction of 28 Si beam with 112, 124 Sn targets at the projectile energies 30 and 50 MeV/nucleon. We demonstrated that the experimental projectile multifragmentation data may be reproduced satisfactorily by hybrid calculations, using the code implementing the model of deep inelastic transfer [3] for a calculation of the properties of excited quasiprojectiles and the SMM code [4] for a description of the multifragmentation of excited quasiprojectiles. The level of an agreement obtained in [1] implies that the influence of the non-statistical effects caused by violent collisions of the projectile and the target may be practically excluded for the set of the projectile multifragmentation data presented here. This set of data allows further study of the thermal quasiprojectile multifragmentation, especially the study of the influence of the quasiprojectile isospin on the multifragmentation. In the present work we will study a dependence of the isobaric ratio Y( 3 H)/Y( 3 He) on the N/Z ratio ( as a variable closely connected to isospin ) and on the excitation energy of the reconstructed excited quasiprojectiles.
The dependences of the isobaric ratio Y( 3 H)/Y( 3 He) on the N/Z ratio of the quasiprojectiles ( N/Z QP ) with Z = 12 -15, reconstructed from the fully isotopically resolved charged fragments with Z f ≤ 5, are shown in Fig. 1 for the reaction of 28 Si beam on 112,124 Sn targets at projectile energies of 30 and 50 MeV/nucleon (For details of the experiment see [1, 5] ). The isobaric ratios Y( 3 H)/Y( 3 He) are plotted on a logarithmic scale. The various symbols represent the experimental data for the different targets for each beam energy. The data within each set are close to straight lines thus implying the exponential dependence of the isobaric ratio Y( 3 H)/Y( 3 He) on N/Z QP . For a given projectile energy, the Y( 3 H)/Y( 3 He) dependence on N/Z QP is practically identical for two different targets. For the two different projectile energies the Y( 3 H)/Y( 3 He) dependence exhibits a different slope. In the above mentioned work [1] , the distributions of the apparent excitation energy ( E * app ), reconstructed from the isotopically resolved charged particles, show similar behavior. They are practically identical for the different targets at a given projectile energy and shift to the increasing values of E * app with an increasing beam energy. [6] . This assumption may be examined by extracting the isobaric ratio Y( 3 H)/Y( 3 He) for different bins of the apparent excitation energy of the quasiprojectile. In Fig. 2 are given the dependences of the isobaric ratio Y( 3 H)/Y( 3 He) on N/Z QP for the nine bins of the apparent excitation energy per mass unit of the quasiprojectile ( ǫ app ). The data for the both targets and projectile energies were combined to increase the statistics. This is possible because for a given excitation energy bin, the Y( 3 H)/Y( 3 He) dependences in the particular cases agree within the statistical deviations. The squares represent an experimental data and the lines are the fits obtained using the MINUIT minimalization package [7] . As one can see on Fig. 2 , linearity is the overall feature of the logarithmic plots of the Y( 3 H)/Y( 3 He) ratio in all excitation energy bins and is especially significant in the excitation energy bins with a high statistics. The slopes are steep at low excitation energies and become flatter with increasing excitation energy.
Since the experimental dependences of the isobaric ratio Y( 3 H)/Y( 3 He) on N/Z QP correlate with ǫ app and are linear in the logarithmic scale ( and thus depend exponentially on N/Z QP ), it would be of interest to relate the slope to the thermodynamical observables of the quasiprojectile multifragmentation. In the macrocanonical approach, the statistical model of multifragmentation [4] gives the mean number of the emitted fragments of a given N k and Z k as
where g N k Z k is the degeneracy of the fragment ground state, V f is the free volume available for translational motion of the fragment, λ T is the thermal wavelength, F N k Z k (T, V ) is the internal free energy of the fragment and µ n and µ p are the chemical potentials for neutrons and protons, which are chosen using the constraints on the conservation of the mean neutron and proton numbers ( N f and Z f ) of the whole partition ( fragmenting system ). The isobaric ratio Y( 3 H)/Y( 3 He) may be determined as
where we used the fact that V f and λ T are the same for the whole partition and that the ground state spins of both fragments are equal.
For the evaluation of µ n − µ p we use the difference in the neutron ( B n ) and proton ( B p ) ground state binding energy. The B n and B p apply to the cold system in the ground state. One can expect a shift in the absolute values of the chemical potentials with the increasing temperature as a result of the increasing thermal energy of the nucleons. Nevertheless, an increase of the thermal energy may be expected to be similar for the both protons and neutrons and thus µ n − µ p should not change dramatically. For the full set of data used in Fig.2 , µ n − µ p may be expressed as
The experimental mass excesses [8] have been used for the evaluation. The dependence of B n − B p on the N/Z ratio of the quasiprojectile may be considered linear with good precision. The difference in the internal free energy of the fragments 3 H and 3 He, according to the evaluation formulas given in [4] , is of the order of a few hundred keV in the broad range of N/Z QP and changes much more slowly than µ n − µ p . In this paper we will neglect its weak dependence on N/Z QP and treat it as a constant independent on N/Z QP . Within our approximation, the resulting expression for the isobaric ratio Y( 3 H)/Y( 3 He) written in the logarithmic scale will be
where K(T ) is a proportionality factor depending on temperature but independent of the N/Z ratio of the fragmenting system. According to the evaluation formulas for the free energy given in [4] , one may expect the values of proportionality factor K(T ) to be close to one. Since both ln(Y( 3 H)/Y( 3 He)) and µ n − µ p depend linearly on N/Z QP ( as may be seen from Fig.2 and equation 3 ) and since we choose the value of ln(K(T )) to be a constant, independent of N/Z QP , the expressions on the both sides of the equation 4 are in fact first order polynomials of N/Z QP . Then the solution is obvious, the constants and the coefficients of the first order ( slopes ) should be equal on the both sides of the equation. This allows a determination not only of the temperature ( as a ratio of the slopes ) but also of ln(K(T )) from the comparison of the zero order coefficients ( constants ). The resulting values of T and ln(K(T )) are given in Fig. 3 and Fig. 4 for the different quasiprojectile excitation energy bins. The numerical values of T and ln(K(T )) are given in the Table 1 along with the parameters of the linear fits of ln(Y( 3 H)/Y( 3 He)) given in Fig. 2 . The dependence of the temperature on the excitation energy ( caloric curve ) given in Fig.  3 ( solid squares ) is compared to the experimental caloric curve obtained for the same set of the data by the commonly used double isotope ratio method [9, 10] for the thermometer d,t/ 3 He, 4 He ( dashed line indicates the determined temperature and solid lines indicate the statistical errors ). The agreement between the two plots is reasonable. Both methods give the value of the temperature between 5 and 7 MeV for the apparent excitation energies above 5 MeV/nucleon. Similar values of the temperature are reported by other experimental studies [11, 12, 13, 14] . The values of the temperature predicted by the statistical model of multifragmentation [4] are also in the same range. The values of ln(K(T )) are between 0 and 1 and suggest the values of K(T ) between 1 and 3, which are in good agreement with the expected values. The dependence of ln(K(T )) on the temperature is quite weak, which is also consistent with the expectations.
Since the neutron emission from the quasiprojectile is not included in the data presented here, we tried to estimate its influence. Using a backtracing procedure described in [1] , we estimated the initial values of the excitation energy of a hot quasiprojectile at the stage where it includes also the neutrons that are later emitted. The mean values of the excitation energy taken away by a neutron emission range from 0.5 MeV/nucleon for the highest bin of ǫ app to 1.5 MeV/nucleon for the lowest bin. This applies to both methods of the temperature determination presented here and implies that with the decreasing ǫ app the events represent still broader range of the initial excitation energies of the quasiprojectile. Since the multiplicity of the charged fragments decreases with the decreasing ǫ app , the decrease of the determined temperatures in the lowest bins of ǫ app may be a signature of the onset of the low energy deexcitation mode where several neutrons and light charged particles are emitted subsequently prior to the breakup of the partially cooled residue into two massive fragments ( such a mass distribution is observed in the channels with 3 and 4 charged fragments ). The determined temperatures thus become mean values representing the range of temperatures at which hydrogen and helium isotopes are emitted during the deexciation cascade.
We presented the dependence of the isobaric ratio Y ( 
